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ss±c*-pt, m i <o&mmt, m i <D%m&m± 
(bmktm. 1 &.&m& »fc ti z mmmm t 

[1**4(2] *2eDa«*t«U:oiS2«)^aS«tt^^- 
3fiBtt«4:K3S«ttWt:3JE««$^**i« % ST*3 1 SBtt 

3 ] m i ©a&«ffl»!WPi* 1 1 RvmitM 1 * 

* U » 2 (DWBUmifiBtf t 2fitflftM 2 U 
m 1 SV* 2 ©®®ttJK©#ffiE«^fc 9 OlMt-^ 
> h ^fi^ft (Mlxtl)M (M2xt2) #51,% 

it #m i i3#©«a§3SM£{*o 
tit sob 4] mi Rvm 2 ©5s«ffiKi6«ra— 
mmzti, t i *>t 2 tm&z> sf^3sa«®ssai3 

[it mm 5] mi Rvm 2 ®&Btttit4 i ji& s*m*» <-> 

i»*:>a 3 IB«<Ott ASBCtME^ 
[if*JI6] ^^«i«*7=|>i (Ru) , ^DA 
(Cr) N ns^A (Eh) s -f'J^^A (Ir) , M 
(Cu) % S0 t *ii6©^**tr* r Ji'-r*>6a*?$ 

ft**m*6Jfcia3ft^ fl!*£ 1 

#0 

[*#«7] ^l^t>'^2ffi^JH4MA s Co, Fe, N 

— y-JK ©#® £ IBS £ ft 3 3 >W h *> tl S # 

[if*JP!9] Si 2 ©3£g£fflBIA s , »2©SiMBittgtfc*i 
— t^JKi:©#ffltcffiS*tL53^;u h*>£>fl£j£<*ti3# 

®)SI£Strs if *g? 1 aBttoBtailBftftKtt. 
[ff*Jff 1 0] afttCtot, *ghilfii3Si)f fc© 

sciaa^ns*®*^ if *s 1 fB«©fi&fiiBS& 

#o "0 

[MO! 1 1] «ftE»»±K:JB«*n*««*--^a 
- h if *Jft 1 l81toftAGsft»tt. 

[if*JSl 2] 

-^h (Ru) , ^nA (Cr) , Di"i7A (Rh) > 

■i y j^a (ir) , I (Cu) , sv*ne>©^* 

>^t— y-«±t:*nfc«»bTJBjs£$n4*2<D3 bo 
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/VP h ^aaK^ t ^ 2 ©SHK 

[sf*Jll 3] £1®3HB£K:P, &** s «£&©fe*£ 

ji 5 > mot 1 2 ssijci&miB^ af, 

[sf*Jll 4) iB2©36BW4il±t:*fifc»«Ur»« 

snajs 2 ^— si2©x-<— y-m 

*x ^2©^^— 9-J8g©Jli£#, «3<DWKi£R«*«l2 

i«s^-r*oc+«-e*Ss it*j® 1 2mm<Dmmm 
\mim 1 5 ] m 1 ©^siKA s )f £ 1 1 at/MM 1 

U ^2 CDliBMSK^JPd t 2 StFflMbM 2 

miRvm2(D&M&m(Dmmmmtz*)<DMm. ; £ 

> b *h?ix (M 1 x t 1 ) RU (M 2 x t 2 ) ifi 

2^cn**, immi2mm<DMmm^4x*o 
iffi&m i6]ii Rum 2 <Dwm&m&m-v>tt&is> 
zmmtsix. t i&t 2fcfi&3> tmmi bmmom 

immm n] si Rvm 2 e>im®.wiifi 

t lSt>*t 2*s*Kfi<]tc|5l-©)?$T-S) 
£k il*ill 5 13«©iSmiB^'f^^c 

[if *ih 1 8 1 tg 1 ©iuKt4)m* s > m 1 o&m&mtx 
w^m^ts, if*mi smmnmnM&T j <, 

[ff*ai 9] SB2 09fettttR« > . S2©^mtt^i:^ 

^— t ©^s c Eg $ n s 3 ^*;v h * e. mmz n 5 

#SMS^tf^ if*Jil 513®fflJSmi3M7 ; 'f 

[«w©paa*i5iBj] 

[0 0 0 1 ] 

[^©a-TStt^SE?] *8«tt-iR£ttA!BSfttt 
CRU ^Cs »A9t:S!««:»aBE«*K:H-r*. 
[0 0 0 2] 

[«e^©«] — h "T-f • h-^-f 7-rt©«^.83 

y*ft»**i&3/t^h • 77ft (CoPt) 

JBKMCDaSPttfBfS^-^O-try h***-r. IBM© 
*IHSi4 7 8 9 5 9 8^-SVSI5 5 2 3 1 7 3^ 

5o 
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[0 0 0 3] iBmSBS^-r ^^ffl|3tS^ftAsJiip-r5 

f-^l-) £&&/■©*£ tfc©*#js£4>-f So Pl« 
' C, imm<»®8&t!*$> (coercive field) ttzitUMtl 
(He) ifimUat&a CttfiMr t/Hc©it^©$$4>£ 
•oKWZo Mr t tDM'J>Zi&>&t ZtzlbC M&mv>m 

e>, fri!tzMm&.¥<Dmm&ik muswttox.) asm 

T-&<&£o 

[0 0 0 4] £©F^M©8¥&©;fe«>©lo©T'7'n — 5=- 
tt, (BSOK») f^frfSCh 

■efts. l*>l&a s ^ KuotiiDpii, fsa^Hc (en 

K„/M r LH) #$fc*E©iagK H t J: »? 

L&A 5 ^ C©T:7a— ^tt, l&ttJl©#!fClft&«-s§*f 
HWirt (SNR) iZt-o-cmg-C&ZZtifiWWLX^ 

S. 

[0 0 0 5] 

[^Bj#«&L<fc?i:-f sissi tfc^-c, 

[0 0 0 6] 

[iig£®P&-f ££»©#©] *«swc«tn«, o&ub 

5, 2o©S^f4ft£^iir£ftSJlft©M^E-* > b 

(Dm (Mrt)tf, 2o©^jKt4K©Mr t«©gfc& 
So Mr t©w©*£l>tt, JES»f*©Jlft£;£tt©<ttT« 

F*IffliK?©^«A s !llSff>)CiiJDl-?.^?>T*$)5o 
M*"Iill:l, *ftC«fc t>$i#©«fc»)ig5£&ey b«S 

CrB^fflWCfcf), 2-30CoPtCrBM 

— y-mcj;»)»»*n*. auKttfflt©-*tt, ft* .to 



(3) W« 2001-1481 10 



[0 0 0 7] 

I«W©*MS©»»1 #&l»©lKflJ3g«tt:»;^ 1 

&m& (af) m^&m&Gi£nz2~ow.±.a>mm.m 
mmm 1 0 *m 1 6 1 «t 0 n 

S2o©3fi«ffiKl 2, 1 4* ft 3. 

6©**»WHJ«B:, 2, 1 

4©iK^ ; E-P<>b2 2s 2 4#, *ft*ft#3S»tt* 

-eaWrC a * «t 5 ft:**?* ii S o 
[0 0 0 8] lEimttafcfcHa^-tfKS^f 4!t» 
^©AFfg-&(±, *iftC:i3^TJE<ffl3S<*fts 

^«S©$l^to-B-lC^WSC©SliJttie^ll^A s . Pa 
rkin^Ccfc t) "Oscillations in Exchange Coupling and 
Magnetoresistance in Metallic Superlattice Struct 
ures : Co/fUu Co/Cr and Fe/Cr", Phy. Rev. Lett. , V 

oi. 64, p. 2034 (1990) -cM^&ft-t^So ttPtm.fr 

■SfritdlZs Co, Fe, NiM?n?.ffl^ mX. 
liNi-Fe, Ni-CoMFe-Coi>e.MStl 
SMfilJ:, ;u^n^A (Ru) , 9 o 2a (Cr) „ 
D^A (Rh), -Y 'JS^A (I rK Si (CuK 

So Sc?bfe#S»»^i)tc:Mlt, Slbttfttfett 
-£-Bi^#*DftTi>&<^*§£\ *ft#i£;££ft&i*ft(;f& 

ttll)tlH<0S!fi«ttte^ft«liE-r5J:it:jiW*nSo £ 

mommmtmm.*'*— mm& 

«^«D3i*»rFttfflii, ^mtt«*4SVI^®©^Ktt{c 
94 7<D&*Mimtri (GMR) jat'w 

^ti?.©^*-^ > His MfOli 

fp* (c^@(rM¥ff(ciig-&$n5o cne.©^-f 7©^ 

5 4 0 8 3 7 7-^Str^5 4 6 5 1 8 5-Sf-eili^ftT 
OSo *H^fFS5 4 6 5 1 8 5*tt* ^<©rfJS5©X 

h&^v H©i&^*C^@(cijsS^^n-r, H 

fiStsaco^r^T^So 

[0 0 0 9]J3M12, 1 4f±, ?tl?t\m^-* > h 
f*MritiSO : Mr2t2*^1-2.o (SSISMrlt 

^ns„ «Mrttt, Bztoim.'&mommm^ti*) 

t, iit5Ml2, 14(DS^-^>h2 2, 24 
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' ±TCBeg£ftSffl^fflME©Mfl, ; E-*> h^ft?:*! 

m 2*j, AFiSg^rMi 6©»±cf^»^n?»o 

Ml 2 Z££. *ix€»tt«KS»J«U 

AFIfr&ffltl 6©fi»«CD 

cooio] saws****©* ^ zrRxmmsm 12,1 

4©J¥£tu t2l±> -i?ngjanK»©T^s IE«fc©i&m 

£ftSo 0 1 CS^ttS^— XT-»±v «jg©Mrtl±M 
nti-Mr!t2fcJ:t»-¥A6ft*o »a«:|llfi«Ce 20 
tt, Mntil*Mr2t2<tt) i fe^#<$)?)'<^-rfe5o 

^nii2o©^i2, 1 4kLrn— ©attwsai**« 

fflU ti*t2«tO***<-rscktJ:D, ^B2 

K©«^b w**©*ffi#*3fc t> ©^^-^ > h ) £ 
s» 

[001 1 ] sMBBitt* ^t£*m©#-S£ LT^gg 30 
;*ttSJ&ttJitcf&S#&©#Jj&£#-f So *EjgS©^t4 
■ *fcttfiift6ft**Wt4Ci:<i:<, fi&SiKfW 

JtS©IBfll*il»-r4. m«U ^l©l&t$Jf £Bil 2 

[0 0 12] f-Oltiii:ltKLt. *64t&6>ac* 
VI 4F*)©S?©M^tt* s *K^t#WT*$.'3, «o 

JMMOfeU?;*— *K B VHU KuiVKKuV< (Kui 
Vi + Ku2V2) C<fc 9-£;l6ftSo ZZtKuiViRlf 
Ku2V2l±, *tl?timi 2, 14fl©MW«tt?© 
S^ttx^^-Cft*. S^^tt^^-^ K U V = 
KuiVi + Ku2V 2 ©±Pllix 111 2 &IM 4F*3©mmS 
^tf^i ftT, «ji©S*14W*(Rl*#*-r5i: 
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o) ©aswtavtt, «i2Mi 4rtTsan»**ti 

So 2oo3Htt»n0&*IH£l&&& «£#tii©IE 
ttfflMrtfSfiitl,-^ #3»&M©ff coffin 
* So c:©J;d(c, 9£ttttlKtt£Mj*fc:/.h 

S©*frF*S*k flfcg5£t££*igf-rSo 
[0 0 13] ttftm#m£fctt^S^S**g!K: 

( + ) (-) E^B\ SH^&^CSIM 

S**. A F*S£HM*:0«iH± 1 0 nmOlsSOIH^ 

nfc7k¥a^ (Hx) ifi, H3fc*sv>rx*fii©, 

So 2-o©SM12s 1 4©)&m ; £-p<> h&W?£1it, 
ttFCAFISSiOMr t©fHMgjRjft«, H3K:5*S*l 
So tb««©fcto{C, EI3tt*fc, g^fflMrt*tt5 
mm (SL) ^^©il^^liSTk^ii©^^ 
if-**w*-o (tiRXftz) it, AFlfcS^r 

SLOfcfcJtWEl/Tm 
-C>8:S«fc-3C*Ri*tt*. AFgMftrt©iIM 
#4©1^ItfflJS£«:, 2. 7fiS<D»Sft*-rSo t£oT, 
A F S L 8K# i !) * fft flJ C S«"C ft S fcfc f T? 

AFtt^W*:-CH:J:0a<>MIU *S*Wfc*t^»£i: 
Cftli S L *£&©*§£•<£ 9 *k flf»#J:!}£t>n 

a f ts^jgttrt ©a&*> h <Dmm-&, sl 

©***Sff«Hltt, «M*rt©Yffi« (H3#M) Ctt 
#-TS„ lot, «t*rt©«F«©Y(ftKt:*$^-CK«» 

■TSA^T-ftS. 

[0014] 4clB99tt9nm£Mli: L"C, I*© CoPt 
C r B*¥i3SJ«#^&&£ffl^T:£H3ft&o ^©1J-> 
7*;U«jgASEi4(C^$nSo «I©«jitts €£3fE©^/<^ 
^#»^BStJ t 7•^-fexSfflv^TffM^i^fco mm.*fc 
mt^mt-s =«y<r;w-U> (NiP) *a««*#-r 
SAlMgr-fX^ • r7>^oafi±t:ftt$1l5C 
r«S±{-s 0 0"C©»|Rffl*C*5VvtJ«fiafft 
fee SlfflSliCoPtCrBtifc!), 01fflll2t: 

Mje-r«mni ( 1 2 nm) hu ei 1 ©is 1 4 cjtjs-r 

SJSmBKJK (7nm) J;5*Ht^. 

0. 6nmfflRuMT-feSo ^«**fr|sl«, «K 

^tt«-***^ffl-rsci:A s #|iJ-efeSo Rulfflf^ 

StSctoCI^nfe. d©flaj-Ctt, SCoPtCr 
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* £&HBtt&tftl££l2s C o P t C r B&jiffiSI 

fl£Co|^ffilK£i&fl^;&ir;:£:&<, JiliE^tifeo 
[0 0 15] 15lt 04<Z>*$tCiSOT* T=3 5 0 

o K^»££ftfe£t:;*-rys';* • ?it — y (mm) 
itt^r 1 ;^ - >v—7 mm £^to mmz-mm 

T, Mrt = 0. 21, «®«JK^SHcr=3. 2k0 
e, MS' = 0. 9 2S^to CCT-S'ttHcrtjbNt 
•538®^- #<z>8!l^-eafes 0 ?ncv#M, (SI 
-OCoPt CrB^©(3J«Cfi!cR^nfe 1 5 nm© 
ISt:*V^Mrt = 0. 3 8, Hcr=2. 4 
kOe, #tfS' = 0. 7 6©ttt4tt5„ ffiot, 20 

[0 0 16] ftCiSOitXr 1 ;^ • ;i/-7'£#M 

fc-Stf-f > M-fctf-S, AF^Irtffl^l«©*|Bl 
*^-f. WM^iifilE^iCiffln^ftS (£EP3 0, 3 
2) o (>3 0 0 0 Oe) ftt, fiS 

H4SI*k*HI«UBi»t: 3 l z fT-e»« (£EP4 2, 4 

4) o WJJDlKS^iST-r?) t (^W3 4) , «tt)*^lfi30 

tsas©^*-^ > bRvmmmmizm^fftts: o & 

BJ5 2, 5 4) , lEB*©^*— M*<IST-f So C 

ggit, m,ffig&£.j:t)!&c%it,tx25zmm (Hex2= 

2 0 0 0 Oe) t-fet^T^-f So Hex2©HI4Hex2 
= Jex/M2t2T-&t>, CCT*Jex«RuX^— tl-g* 

^HKttK©jJ»¥ffT7-<P<> h©*S©fe«){Cs Hex2 « 

(Hc2) Siiiact^^Wo ZZ-ZHczlt, m 

®>%m&m t © &mms.ftm l * i > t r s 

h, m&SI&cD&Mljm-C'&Zo MtfC 

[ooi7] jE»»rtTf ©ttwa©»Btt]BJ4> mmn 

raC¥fr&1H»iS»fflR©«**— * > h (fcff 5 2 ) 
i:, IEffiJl:£ftC&W©Jlc^J&ttl£©ma^-;>< > 
h (£315 4) fcfc«fc»)#*.e»tt4o i£WJ)Qi&ii (£9150 
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3 6 ) "C14, WaBMBaftttJRoaft^-/ > htffiKL 
T, Po£©|g©m^-p<> AffltSffi 
(£EP6 2, 6 4), JS^tt^tt 

gcjg-tf&So atapasaeBtoftft^E-^ > h©*w 

>^{4, AF^i(D«lM*^U Hc=Hexl + 
HciC«k»)#;t.&iia. CCTH M ittW»3tttfflKC 
^ffl-rsS8WT;*5 (Hexl= Jex/Mltl) , Hcl 

&j&&mmm t commm u * ^ t s a 

^, !ISPSi^tt)K©«^»tfe5o (got, 1H096B 

fc£fc*>%l\, C©0JT-li, lo©i« (£015 2, 
5 4) *6*ffl»«ttt (*97 2, 7 4)^Si«BS 
2offlIffll^€-^>h (£93 6 2, 6 4) 

14, AFjfc£^8S£:frLT3£tBK:*^£ftfcOo 

14, A F*S^JI©ffiM©!J#», rftiJ'fettWMYbCffi^ 

[0 0 18] 1&tG)*¥tEm^9 KSfflOT, AFIS^ 

1 mmSfc *) 9 5 0 OMSft ( f c/mm) CiJ 
lit, 3 1. 9 dB©^{*SoNRA s *iJBJbfco C^T- 
SottM^^VXStir-feO, NI49 5 0 0 f c/mm 

[0 0 19] *^Cfi£3AFie^W4*fe, 
fcttPMHC C o^SMSrW-TS, «I^I4C o C rWSJf 
avCoCrPtTaSfiaH4JiS*^-S«lJfi 

[0 0 2 0] SfctohUT, ^ffifflfltfiRCHb-CWT 
©*Il$:^^-ri)o 

[0 0 2 1] (1) aMR±C*or, »l©3fi 

m&mt, m 1 ©n«Mn±o#i«wt^^— 
sat* 2 ®»^-ti±ffl« 3 ®sfiiiffiii«$»s ^3 

©SSSBHfflRtf* 2 ©^^-tf-KS:^ LT Sf§ 2 ©^UKttlK 
tRSiKttWCSElftlg^^nSx huIB (1) S«©JKM 

(3)^1 ©^mttlii^J?^ t 1 StWfllM 1 L, 
2 t 2 Stf^bM 2 ^# b, » 1 JSl 

vm 2 ©^MtsM©^fiiS*^fe »> v>m%*-* yvz 

n^fl (M 1 x t 1 ) St5 (M 2 x t 2 ) AilOCMfe 
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2k buSB ( 1 ) B«©»««B»«M*. 

(4) ^1^^2(D^tll^* s PI-<DW*e.^)EK^ 
fix t l*»t 2fcR«eS, miSB (3) BttOttSUBfitt 

(5) SlSU : S2©^<4M* s ^?5:S«*4*6fl : M^ 
*U tlMt 2A^lf€tfJfc:|H|-©J5;*"C&5x buIB 

(6) ^^-fffiWl'^-^A (Ru) , £OA (C 
r) , ai?t> 1> (Rh) , -T US?** (I r) , (C 
u) , RV%nt><D&i&%-£ts?')l<--y°frt>mtRgtL2> to 
tm&t>Bl$.$tiZ>, MB (1) Sf^KSUBfUKft. 

(7) J|lSt) t ai2<D!i«ffiffll* s Co, Fe, Ni. S 

IB ( 1 ) CKeltlUEftll*. 

(8) flii<D9HN£R^ s§ i (D&&&mtz^—y-m 
^ts\ h513 ( i ) mm<Dffi.%nmmt£o 

StSs mm ( 1 ) fcMOttftBMKtt. 20 
(1 0) SfiLhfcfcoT, a«hmaSBSSt©Mt:BE 
■3tiSftfftdtr. ( 1 ) B«<DB«raUKft^ 

(11) »jSOWi±CJKl«*ii*«Wli*-^3-b * 

*tr, me ( i ) «3««D*ft«3aajM*:. 

(12) mnRt> m,m±.<o&mts iiicfeot, « 

lOasWh^&aNBttflM^ ^t=^A (Ru) , * 
DA (Cr) v D^^A (Rh) „ -f 1)$?>>A (I 

r) , m (cu) , sa c **ie»®^**tr^;i'— 

±(c*ftfc«MLTJfcfi££*l5lfi2©:3/t;i> h-^^a 

<* *#-r*»aEawifc«ftiBiwi±t:jB 
/t3-h4:*dtr, mmm^-fT. 

to 

< 1 3) * i co&m&MiLtfis &**mm.(Dn?&-3;tstg. 

❖ * S H$[ ©*£? * mWLOM. E * * -T * *£«IST* 
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D9G (l 2) BM0ttMB*?*-f a*. 
(14) *2©B«ttK±c*ftfc«ttLTJ&*3ii.5 

■5 3 > buIB (1 2) Gtt©tt£(IB87 £ <f X 

( 1 5 ) jg 1 CD^14JK* S #$ t 1 &OT&(bM 1 
U JB2<©3i«ffi»*«J|i$t 2Stf»fl:M2**U £ 
1 XtF» 2 CD^«MO#ffi®«^& 5 ©^*-* > 
(M 1 x t 1 ) (M2 x t 2) 
h5I3 (12) KfccDttfiUBftT 1 
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